
International Journal of Emerging Trends in Engineering and Development                  Issue 6, Vol. 1 (January 2016) 

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 

©2016 RS Publication, rspublicationhouse@gmail.com Page 96 
 

Neural Network based Linear Regression Model for 

Modeling Productivity Construction in Saudi Arabia 

Alhammadi Shabbab Ajmi 

Assistant Professor and Dean, Civil Engineering Department, Shaqra University, Dawadmi, KSA 

 

 

Abstract: 

The competitive nature of Construction engineering and its heuristic problem-solving needs 

paved a way for the development of some advanced decision-making tools for it. Research in 

artificial intelligence (AI) has provided more suitable tools for the Construction engineering 

since from the past decades in its initial development, the Artificial Intelligence has been found 

to be having a large applicability in the field of Construction engineering. In particular, the soft 

computing techniques have been shown to be very effective in the construction engineering 

problems for the process of analysis and its solution. The main aim of this paper is to conduct an 

accurate measurement of on-site construction productivity in Saudi Arabia. This proposed 

methodology is achieved through developing a knowledge based regression models for 

predicting the productivity of finishing works for floors with marble. However, the performance 

of these systems during the last decade is not sufficient. In this paper, a novel method of neural 

networks along with the regression model for modelling the productivity control was proposed. 

From the experimental results, it can be found that the proposed methodology has the ability to 

predict the productivity in construction management. We obtained an overall accuracy 

percentage of 97.2% over the productivity control. {Practical implications of paper) 
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INTRODUCTION: 

Productivity rates for construction are the basis for accurately estimating the time and costs that 

are necessary for completing a project. Productivity could be defined as the ratio of quality 

output required to the inputs for a specific production criteria [18]. In the Construction 

engineering it is generally defined as the work outcome per man hours worked for the 

construction purpose [19]. Construction Management is defined as the overall planning, 

coordination, and control of a project from beginning to completion of it. Construction 

Management is aimed at meeting a client's requirement in order to produce a functionally and 

financially viable project [19]. 

 

Improvement in productivity helps the contractors not only to be more efficient but actually 
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knowing the actual productivity rate levels and also helps them to estimate the accurately 

competitive during bidding the construction of new projects. 

 

The structure of the manuscript consisting of the following phases such as justifications, 

hypothesis, methodology, related works, Factors which are affecting the construction 

productivity, data collection, models for productivity, validation of models and its conclusions. 

Construction engineering is a professional discipline that mainly deals with the process of 

designing, planning, construction, and management of infrastructures such as highways, bridges, 

airports, railroads, buildings, dams, and utilities etc [18]. Various works have been carried out by 

researchers [14, 15, 16 and 17] in the past based on the application of Artificial Neural Networks 

(ANNs) in the field of Construction management. Moselhi et al. [1] discussed the various 

applications of ANNs in Construction engineering in the early of 1990s. Boussabaine [2] 

discussed the usage of ANNs in construction management. So far, ANNs have been used in 

construction engineering and management for the process of risk analysis, prediction, decision-

making, resources optimization, classification, and selection. Neural networks algorithms in AI 

has recently provided more efficient systems that work as a supplement to such conventional 

expert systems. 

Assaf, S. A. et al. [4] proposed a new methodology for investigating the overhead cost for the 

construction companies present with in the Saudi Arabia. In their work, they elaborated how the 

unstable market in construction makes it difficult for construction companies to decide on the 

optimum level of overhead costs that enables them to win and efficiently administer the larger 

projects. 

A novel Neural network based cost estimation model was developed by Margaret W et al. [6] 

using data collected from nearly 300 building projects. Their models are based on linear 

regression techniques that (that) can be used as a definite benchmark for the process of 

evaluating the neural network models. The results obtained from the experiments showed that the 

major benefit of the proposed neural network based approach was the ability to model the 

nonlinearity in the data. Murat Gunaydın et al. [7] developed and tested a new cost estimating 

model for the structural systems of reinforced concrete skeleton buildings in its early design 

phase by applying the artificial neural networks. Their proposed model can help the designers to 

make information regarding the decisions about the early phases of the design process. Cost and 

design data from thirty projects were used for training and testing neural network methodology. 

They had also used eight design parameters for estimating the square meter cost of reinforced 

concrete structural systems of a 4–8 storied residential buildings in Turkey. Experimental results 

revealed an average cost estimation accuracy of 93% was achieved for their methodology. Their 

proposed methodology focusses on productivity during the design phase. 

 

Alireza et al. [8] proposed and employed an improved framework to plan the work breakdown 

structure of projects using artificial neural networks. A modular network has been developed to 

plan the structures of a limited project domain using the neural networks. They applied the main 

concepts of the Andishevaran Methodology of Project Management (AMPM), including project 

control work breakdown structure, functional work breakdown structure and relational work 

breakdown structure have used to form the outputs of the model and its modules. The proposed 

work has been tested on a sample domain, and results obtained show that the planned work 

breakdown structures and activities have satisfied the expectations with different levels of 

validity. Hence, the model outputs could be considered as the primary plan of project structures. 
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Seyed Hossein et al [9] proposed a new method using Artificial Neural Network in order to 

forecast the actual cost of a project based on the Earned Value Management System (EVMS) by 

selecting some projects randomly based on a predefined data set. In their work, they conducted a 

comparison between the real and forecasted data and obtained a better performance which was 

based on the Mean Absolute Percentage Error (MAPE) criteria. Their proposed approach could 

be applicable to better the forecasting of project cost which further results in decreasing the risk 

of project cost overrun, and therefore it is more advantage over the project planning. 

Yu-Ren Wang et al. [10] proposed two novel and credible models which links the pre project 

planning and project success by applying the neural networks. To enhance the performance of 

their proposed methodology, bootstrap aggregation and boosting algorithms are combined in the 

development stage. Further, they examined the results obtained from their proposed two neural 

network based models. They obtained a satisfactory results based on their experiments. Jamshid 

Sodikov [11] developed an improved version of more accurate estimation technique for 

application in highway projects which is present in developing countries at the conceptual phase 

using artificial neural networks based models. From the results obtained, they showed that their 

proposed methodology was an appropriate tool to help problem solving present in the cost 

estimation at the conceptual phase. 

Ismaail ElSawy et al [12] used Artificial Neural Network approach to develop a parametric cost-

estimating model for site overhead cost in Egypt by taking fifty-two actual real-life cases of 

building projects constructed in Egypt. They obtained satisfactory results by conducting 

experimental results. Al-Zwainy in [5] compared the results of the two already proposed 

different methods to estimate the productivity of marble finishing works for floors. The two 

methods were regression analysis and neural networks based techniques. For the subject of 

estimating the construction productivity, the neural networks have been completed as an 

independent module. In their work, they predicted the construction productivity for the same 

input items using linear regressions and then a comparison between the two methods for the 

purpose of determining the most accurate method. 

A thorough literature re-view was studied and conducted from the previous research 

methodologies related to the construction productivity in order to understand the current Saudi 

Arabian Construction engineering. The review synthesized the findings from previous literature 

in journal papers and conference proceedings related to the productivity data analysis.  Few 

papers have been published in the context of Saudi construction. Though there are a lot of 

methods where present in the field of construction management. (Justification &gap knowledge 

should be presented) 

FACTORS AFFECTING CONSTRUCTION PRODUCTIVITY  

 

Identification and evaluating the factors affecting productivity of construction has become a 

major issue while facing the project managers for a long time for the purpose of increasing the 

productivity in the construction management. Understanding the various important factors that 

affecting the productivity cost of both the positive and negative factors can be used to prepare a 

well-known strategy to reduce the consistencies present in it. It is also used to improve the 

effectiveness of performance in a project. Knowledge and understanding are the various factors 

that affect the productivity of construction labor. It is also necessary to focus the necessary steps 

to reduce the project cost overrun and the delay in project completion. By this, an increment in 
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productivity and overall project performance can be achieved. Though many researchers have 

been worked in the past to produce the factors that affect productivity, there are still many 

problems that remain to be enhanced and need to be further improved even in developed 

countries [13.  

 

The methodology used in this paper is to determine the various factors that affect the 

productivity of finishing flooring using a marble. A number of personal inter-views have been 

conducted with more than ten engineers (sample not enough) who have a very extensive 

experience in managing construction projects in Saudi Arabia. And all these engineers with 

experience not less than twenty years in the field of specialization. Due to this personal 

interviews it was able to identify the factors which affects the construction productivity easily. 

Ten independent variables were randomly selected which were well defined for each 

construction project. These independent variables can be classified into two types such as 

objective based variables and subjective based variables as shown in Tables 1 and 2. The 

objective variables can be measured based on the unit of measurement such that the age is 

measured in terms of years, experience is measured in terms of years and floor height is 

measured in terms of meters 

 

 

The subjective variables can be measured depending on the coding system proposed in other 

earlier articles for example, the security conditions can be classifies to security and non-security 

and assigns them the value 1 and 2, respectively. Also the health status for work team that which 

specifies as good, moderate and bad, it assigns them the values of 1, 2 and 3, respectively. While 

the weather condition; sunny (1), rainy (2). The site conditions can be classifies to complex and 

simple and assigns them the value 1 and 2, respectively. Whereas the scale of 1 and 2 represent 

near and far, respectively about availability of construction materials. 

 

Table 1: Objective conditions 

 

Variables Description Units 

1 Age Year 

2 Experience Year 

3 Number of labors Number 

4 Height of the 

Floor 

Meter 

5 Width of the Floor Area 

 

Table 2: Subjective conditions 

 

Variables Description Units 

1 Security Conditions Year 

2 Status of the team Year 

3 Weather conditions Number 

4 Transportation Meter 

5 Availability of 

materials 

Area 
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DEVELOPMENT OF NEURAL NETWORKS BASED LINEAR REGRESSION 

MODEL  

 

RBFNN Architecture 

 

The RBF with linear regression architecture present in Figure 2 is designed with one input layer, 

one hidden layer and one output layer (OL). The input layer is presented with the input features. 

The feature values corresponds to the input present in it. The information flows from the Input 

Layer (IL) to the Hidden Layer (HL) initially by finding the distance. Then from the hidden layer 

to the output layer to form the output  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Proposed RBFN Architecture 

The number of nodes in the hidden layer is given as input from the input layer. The values 

obtained before the hidden layer are passed over an activation function present in the hidden 

layer to get outputs of nodes in the hidden layer. The final values between hidden layer and 

Output Layer are obtained by processing the outputs of the hidden layer with target values 

obtained from all the training values. These final values represent the connection strength 

between hidden layer and the output layer. 

 

From the set of training values, groups of values are formed. For each group of trained values, 

mean of the group is found. The mean for each group of values are called centers. The number of 

centers obtained is based on the accuracy of the proposed network. 
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TRAINING RBFNN  

 Training is a process of learning the input values of a given data. During this process, 

initialization of the mathematical system is done by using a predefined procedure or by using 

random numbers. Repeated presentation of values to the system makes the system learn 

perfectly. These values which are given as input are further used for the process of testing the 

system or direct implementation for the required application. The training procedure and the 

intermediate calculations are as follows: 

Input to hidden layer: The values of each training numbers are given as input to the input layer 

of the RBF. The summation of the values are the inputs to the hidden layer of RBF. The values 

are passed over an activation function to obtain RBF values. These are the outputs of the hidden 

layer of RBF network.  

Input to output layer:  

The values that are obtained from the hidden layer through the input layer is given as input 

towards the output layer. These obtained values are RBFN values. These values are further used 

to form the RBF matrix. 

Experimental results and discussion 

 

Several functions can be used for training and testing the relation-ships among the variables of a 

given input data in the neural network. Linear Regression (LR) is adopted in this paper since the 

MLR is the most widely used type and using the parameters in a mathematical model to predict 

the productivity of construction. 

 

The correlation among different input variables is tested and the results are shown in Table 3. 

The results of r which is the coefficient of correlation and r
2
 which is the coefficient of 

determination show that there is a high correlation between construction productivity and other 

input variables. This indicates a good relationship between dependent and independent variables. 

 

Table 3. Model Summary. 

 

Model R R
2 

Adjusted R
2
 Std. error of the estimate 

1 0.906 0.821 0.801 2.45965 

2 0.986 0.892 0.832 2.54297 

 

 

CALCULATION OF REGRESSION VALUE 
 

The following statistical tests were conducted on “R” the coefficient of correlation value for an 

assumed model 1, where R
2
 = 0.821, N = 100: 

 

 

1) Probable Error (P.E.) in “R” value 
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P.E. = 0.01207355 therefore, R = 0.906 ± 0.0120735. The probable error is considered as a 

measure of significance of Karl Person’s co-efficient of correlation (R), and if the probable error 

is small  (compared  with  R),  correlation directly  exists where R > 0.5. Hence, the correlation 

of the studied productivity equation is existing. 

2) Standard Error (S.E.) in “R” value 

 

        
      

  
 

S.E. = 0.1906. 

 

Hence, the correlation is accepted for R = 0.906, and 100 observations.  

 

3) Test of significance  

 

Recent literature indicates that the correlation may be accepted when R > 0.22 (for 100 

observations). 

 

Again, the correlation is accepted for R = 0.906, and 100 observations.  

 

 

4) A simple method of testing whether “R” differs significantly from “zero”  

Taking null hypothesis that there is no correlation be-tween the two variables, provided “N” is 

large:  
 

  
 

IF the value arrived at by this test is greater than the observed or computed value of correlation 

coefficient 

 

  
 

  
 . Correlation is not significant. 

 

  
 

 

    
          . 

 

Hence, coefficient of correlation can be taken as significant. 

 

 

PRODUCTIVITY ASSESSMENT: 
The actual productivity of marble finishing works for floors and the predicted values are 

presented in Table 4. Table 4 shows that the predicted productivity predicts an average 

difference of 1.291% of the actual productivity and the correlation coefficient between them 

equal to 0.862. Also the analyzed results indicates that the productivity of marble finishing works 

for floors by suggested productivity estimation function are closer to the actual productivity. 
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Table 4. Actual productivity and Predicted Productivity. 

 

No. observations Actual productivity Predicated productivity 

1 38 39.21 

2 23 27.25 

3 24 29.48 

4 28 25.24 

5 23 29.29 

6 30.5 33.12 

7 26 24.6 

8 30 33.90 

9 32 36.17 

10 33 34.71 

 

ACCURACY VALIDATION: 

 

The Average Accuracy Percentage (A%) can be calculated by the following equation. 

 

AA% = 100% - MAPE (8) 

 

       
     

 
         

 

The accuracy of the proposed method is compared with other existing methods. The proposed 

method shows an improved accuracy percentage in controlling the productivity. Table 5 shows a 

summary of the existing regression models in the literature. The MAPE and the Accuracy 

Percentage generated by the proposed model were found to be (3.19%) and (97.2%) respectively. 

Therefore, it can be concluded that the proposed model shows very good statistics in its 

accuracy. 

Table 5 Comparison with existing methods 

 

Types of model AA% MAPE% R% R
2
% 

ANN 90.9 9.1 89.55 80.19 

MLR 96.3 3.743 90.6 82.13 

Proposed method 97.2 3.19 91.3 84.21 

 

CONCLUSIONS 

 

This proposed method aimed at developing a novel model for construction productivity 

estimating which is used for marble finishing works of floors using the combination of Neural 
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Networks with multiple regression techniques. The model was developed based on 80 set of real 

data sets that are collected in Saudi Arabia. These types of models are very important, due to its 

simplicity and ability to be handled by a simple computer program. The proposed methodology 

can be used to examine several variables which were used at once and the inter relationships 

between them. And proposed methodology has the ability to predict the productivity of marble 

finishing works for floors with high degree of accuracy with 97.2% and the coefficients of 

determination R
2
 for the proposed models is equal to 84.21. This values indicates that the 

relationship between the independent and the variables of the developed models is good and the 

predicted values from the proposed model fit with the real-life data.  
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